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Abstract

Objective: Retinoblastoma is the most common primary intraocular tumor affecting children. We
examine the role of parental occupational exposures and risk of retinoblastoma among offspring.

Methods: Our population-based case-control study linked data from four nationwide Danish
registries and included all cases of retinoblastoma diagnosed in Danish children (<5 years, n=144)
between 1975-2014. We focused on two biologically relevant time periods: 90 days preconception
to conception for fathers; conception to birth for mothers. Parents were grouped into major
industry headings created from Danish industry codes.

Results: We observed increased risk of all retinoblastoma for children of fathers in the food and
drink industry and iron and metal industry. Bilateral disease was associated with paternal work in
manufacturing and land transportation.

Conclusion: Our results suggest that some occupational exposures may increase the risk of

childhood sporadic retinoblastoma.
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Introduction

Methods

Retinoblastoma is the most common form of childhood eye cancer worldwide with
approximately 9,000 new cases diagnosed annually (1). Most cases (63%) are diagnosed in
infancy before age 2 and 95% by age 5 (2). It manifests in the infant retina as a result of
mutations in the tumor suppressor retinoblastoma gene (RBI) (3). A widely accepted two-hit
hypothesis was proposed by Knudson, i.e. suggesting that retinoblastoma is caused by two
mutational events (4). The timing of these events is related to laterality of the disease. For
bilateral retinoblastoma (affecting both eyes), which accounts for approximately 40% of all
retinoblastoma cases (5), disease can result from inheriting one mutated allele from the
parent through the germinal cells (the first “hit”), and then acquiring a second mutation or
hit sporadically post conception that results in tumorigenesis. This accounts for
approximately 30% of all bilateral cases. The other 70% of bilateral cases are due to a de
novo mutation that occurs before conception in germinal cells; which, in approximately 85%
of these cases, occur in the father’s allele, followed by another mutation occurring
sporadically post conception (6, 7). Unilateral disease is autosomal dominant and most often
occurs as a result of a mutation that occurs sporadically in a retinal cell in utero or very early
life, although a small number (10-15%) of cases arise from an inherited mutation (4).

There are variations in disease incidence across countries, with some parts of South America
and Southeast Asia having higher than average incidence rates (8). Among European
countries, the rates of retinoblastoma are higher in Denmark (age standardized rate [ASR] =
6.0 per 100,000) than in Southern and Eastern European nations (ASR ranging from 2.0-
4.0) (9). Several studies have examined the association between parental occupation and
retinoblastoma with inconclusive results (10-12). Paternal work in agriculture or as a
pesticide applicator has been examined as a risk factor for retinoblastoma or among
childhood eye cancers (of which retinoblastoma accounts for over 90%) (13-17); however,
only two of these studies found positive associations (10, 18). These positive associations
are further supported by findings of increased retinoblastoma risk when parents use
insecticides in their homes (19, 20). Other occupational studies have reported increased risk
of retinoblastoma among children of fathers who are electrical workers (21), exposed to
paints (22), or employed in the metal industry (11, 12). A report of a risk increase among
fathers employed as television or radio repairmen, possibly due to occupational radiation
exposure (23), was not corroborated in two other studies (10, 11). We previously reported
for the first time on maternal occupational exposures; specifically, we found that exposures
to chemical agents including volatile organic compounds, paints and pesticides were
associated with unilateral disease (22). There is a need for more studies that investigate
parental occupational exposures. Here, we examine associations for retinoblastoma risk in
the offspring based on nationwide register data, for paternal occupations from 3 months
preconception to conception and maternal occupations from conception to birth.

The present population-based case-control study utilized a linked database that includes all
childhood cancer cases born from 1968-2013 and diagnosed from 1968-2016 in Denmark.
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To be eligible, all cases and controls had to be born in Denmark; this allows us to retrieve
information on gestational characteristics and parental occupations before birth. Data were
taken from four Danish Registries that were linked by unique identifiers: The Central
Population Registry (24) (data available 1968-2016), the Danish Cancer Registry (25)
(1968-2016), the Supplementary Pension Fund (26) (1964-2013) and the Danish Medical
Birth Registry (27) (1973-2013). Details concerning these registries, as well as the disease
and occupational classification methods we used, were reported in more detail in previous
publications (28, 29). Briefly, the Danish Cancer Registry was used to ascertain cases
diagnosed between 1968-2016 and the Central Population Register was used to ascertain 25
age (by exact date of birth) and sex-matched controls per case. If 25 controls with the exact
case birthday could not be identified, we widened the search by one day (on either side),
then two days, then three days... etc., until all controls were selected. Data on all jobs held
for both parents, available from 1964 onward, were obtained from the database of the
Danish Supplementary Pension Fund. All information could be linked due to the existence
of a unique personal identifier applied to all residents since 1968. Ethics approval for the
current study was obtained by the University of California Los Angeles institutional review
board as well as the Danish Data Protection Agency.

As the Central Population Register contains information on the legal guardian, as opposed to
the biological parent, of each child, we used the Medical Birth Registry to identify the
biological mother after 1972, the first time such information was available. For births before
1972, we relied upon the Central Population Registry to identify parents. We expect most
legal guardians to be biological parents as all participants were born in Denmark, and most
adoptions in Denmark are of foreign-born children (30).

From our dataset, we identified 159 cases of retinoblastoma using the International
Classification of Childhood Cancer (ICCC), version 1 until 2003 and version 3 thereafter.
We excluded case and control parents who did not have any occupational history
information during relevant periods (N=390). Our final analysis included all retinoblastoma
cases for which we had occupational history of at least one parent (Niotai=144, Nfathers=119,
Nmothers=115) and their corresponding controls (Ntta1=3600, Ntathers=2841, Nmothers=2596).
All cases of retinoblastoma were diagnosed between 1975 and 2014, and under 5 years of
age.

Given that spermatogenesis spans approximately 90 days (31), there is a small window for
environmental toxins to cause alterations to sperm. This suggests a role for paternal
exposures 3 months preconception and for maternal pregnancy exposures as potential risk
factors in the development of bilateral and unilateral retinoblastoma, respectively. Hence, we
examined parental occupations during two time periods from [1] 3 months preconception to
conception for fathers and [2] conception to birth for mothers (4). Date of conception was
determined by subtracting the child’s gestational age in days from their birth date (details
can be found in Supplemental file 1). The Statistics Denmark Occupational Classification
codes are a 5-digit extended version of the UN’s 4-digit International Standard Industrial
Classification (ISIC) of All Economic Activities, and contain the same hierarchical structure
but with greater detail within industry subgroups. We categorized occupations into 22
industry types based on the major headings within the Danish classification codes. These
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included occupations previously identified as increasing risk such as agriculture and
electrical work (18, 21), as well as broader categories such as manufacturing, transportation
and warehouse storage, and human health care and social work. Within the 22 main
industries, we identified specific job types and performed subgroup analyses when sample
size allowed.

Selection of possible covariates was guided by previous research (10, 32-35). We performed
conditional logistic regression analyses adjusting for parental age (<25, 26-30, 31-35, 36+)
and urban or small town/rural residency according to place of birth listed in the Central
Population Register. In addition to these variables, we attempted to adjust for maternal
smoking status, family socioeconomic status (SES) and parental place of birth (Denmark
versus elsewhere as a crude measure of ethnicity). However, the addition of these variables
did not change our estimates substantially and were thus excluded from our final analyses.

As fathers could bring home toxic chemicals from work on their clothing, thereby exposing
their wife and child (transplacentally) (36), we performed sensitivity analyses that explored
whether paternal occupation from conception to birth was associated with retinoblastoma.
Several studies have found an association between parental age and retinoblastoma (32, 33,
35, 37-42); therefore, we also performed sensitivity analyses that stratified on older (>30
years) maternal and paternal age. To avoid competing exposures due to pollution
experienced in urban settings, we did sensitivity analyses that restricted to individuals living
in rural areas only. We also examined paternal jobs held in the one year prior to conception
S0 as to compare our results with one other study that examined paternal occupational
exposures occurring in the one year preconception period (10). All analyses were conducted
using SAS 9.3 (SAS Institute Inc., Cary, NC, USA).

Case mothers were slightly younger (<25 years) than control mothers (36% vs. 31%, Table
1). There were no considerable differences in paternal age, family SES or urban vs. rural
residence among case and control families.

For childhood bilateral/all retinoblastomas and paternal work in various industries from 3
months preconception to conception, adjusted models with a sufficient number of exposed
cases showed elevated point estimates for all main industry types except construction, which
was null, and public administration and defense, which had a point estimate below one for
all retinoblastomas (Odds Ratio [OR]: 0.31, 95% Confidence Interval [CI]: 0.14-0.68, Table
2).

Paternal work in the manufacturing industry was associated with an increased risk of all
childhood retinoblastoma (OR: 1.90, 95% CI: 1.30-2.77) as well as bilateral retinoblastoma
(OR: 2.14, 95% CI: 1.09, 4.21); with those working in the food and drink industry having
the strongest association (OR: 2.18, 95% CI: 1.13-4.21). Given the small number of
retinoblastoma cases, the number of fathers in any single industry were small; the most
common occupation among case fathers in this industry was animal slaughtering(N=6)
(Supplementary Table 1). Increased risk of retinoblastoma was also observed for children
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born to fathers in the iron and metal industry (OR: 1.63, 95% CI: 1.02-2.59). Fathers who
worked in jobs that involved transportation on land, including taxi drivers (n=2), those
employed in carrier businesses (n=2) or for railroads (n=2), were also at increased risk of
having a child with bilateral retinoblastoma (OR: 3.50, 95% CI: 1.24-9.86).

Maternal job associations are presented in Table 3. The numbers of exposed mothers were
too small to make meaningful conclusions. However, mothers who worked in “other service
activities”, which included jobs in religious societies and institutions (N=3), employer and
wage-earner associations (N=2) and hairdressers (N=1) had elevated point estimates for all
retinoblastoma (OR: 2.14, 95% CI: 0.89, 5.15) (Table 3).

All case fathers, except one, held the same job during the entire year and the 3 months
preconception period. Similarly, fathers continued to work in the same jobs from conception
to birth. As a result, we observed no changes in point estimates for these sensitivity analyses.
In analyses that restricted to older fathers and mothers (>30 years), we found point estimates
elevated by approximately 50% compared to all fathers or mothers combined, though
confidence intervals widened due to small cell counts (Supplementary Table 2,
Supplementary Table 3, respectively). Our effect estimates were similar when restricting to
rural residency for both fathers (Supplementary Table 4) and mothers (Supplementary Table
5).

Discussion

When we evaluated the most common industrial occupations, we found several to be
associated with increased risk of childhood retinoblastoma. In particular, our study findings
suggest an increased risk of retinoblastoma among children whose fathers worked in
manufacturing during the sensitive three months preconception period, especially those
working in animal slaughtering. When examining bilateral disease only, we observed similar
or stronger positive associations within all main industry types that had associations with all
retinoblastomas, which is consistent with the proposed underlying disease mechanisms that
suggest development of bilateral retinoblastoma due to paternal germline mutations
occurring during preconception. Maternal work in the industries we included between
conception and birth was not strongly associated with childhood retinoblastoma. Our point
estimates for unilateral retinoblastoma aligned closely with those for all retinoblastoma.

The most likely biological mechanism for how paternal preconception exposures could
induce childhood cancers, and specifically retinoblastoma, given the role of de novo
mutations in germline cells (6), is through exposure to toxicants that cause alterations to
sperm. The epidemiologic literature has shown sperm to be susceptible to chemicals such as
lead and paint stripper; however, most research examines sperm count and motility, as
opposed to DNA damage, and does not report on the resulting health outcomes of offspring
(43-45). For bilateral retinoblastoma, which most often results from somatic mutations that
occur preconceptionally in male germline cells, we found associations with paternal
employment in retail and transportation. Interestingly, half of the fathers working in retail
were employed in automobile and motorcycle shops (Supplementary Table 5). Individuals in
the transportation industry can be exposed to humerous combustion related air toxicants
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including polycyclic aromatic hydrocarbons and carbon monoxide, which have been
associated with retinoblastoma and damage to the human retina in epidemiologic studies
(32, 46). Previous studies have reported an increased risk of bilateral retinoblastoma (47,
48), as well as all retinoblastomas (49), with exposure to air pollution. However, these
studies reported exclusively on maternal exposures during pregnancy and did not have data
on paternal exposures during the preconception period.

The manufacturing industry is diverse and includes occupations with an array of potential
risk factors. We found all industry subtypes within manufacturing to be associated with
higher risks of retinoblastoma, with the greatest increase seen among fathers working in the
food and drink industry, specifically slaughtering. We were unable to find other studies on
retinoblastoma risk among children of fathers in the food industry, or more specifically in
animal slaughtering and meat preparation; however, one study examined paternal
occupational exposure to animals and risk of either heritable or non-heritable retinoblastoma
but reported no association (12). In a separate analysis, our group reported an increased risk
of all retinoblastoma among children of mothers who were exposed to animal dust (OR:
2.67; 95% CI: 1.01-7.03) (50). Other childhood cancer types, including bone cancer and
cancers of the central nervous system, have been associated with fathers who work with
animals (51, 52) and in food manufacturing (21).

The odds of retinoblastoma (all and bilateral) were elevated for paternal employment in
general retail stores. One previous study found an association specifically between
retinoblastoma and paternal work in the shoe and leather industry (21); however, the largest
group of men in our study were employed in automobile and motorcycle shops, indicating a
possible role of car exhaust pollutants.

Several studies have reported findings for specific occupational agents with retinoblastoma.
Elevated risk of retinoblastoma among offspring of parents exposed to paints (10),
polycyclic aromatic hydrocarbons (32), metals (10) has been found, as well as fathers
employed as electrical repairmen (23) and in the metal industry (11). While specific metals
have not been identified in these studies, suspected agents may include nickel, cadmium,
beryllium and hexavalent chromium as these are recognized as human carcinogens (64, 65),
and have been associated with reproductive toxicity, subfertility, malformations and birth
defects (66). Further, rats injected with nickel developed retinoblastoma in an experimental
study (67) and atmospheric nickel exposure during pregnancy was associated with
retinoblastoma in humans (49).

Several associations with retinoblastoma were found for paternal industry and work
categories with low probable risk for exposure to toxic agents. Specifically, we found a
lower odds of retinoblastoma among fathers working in public administration and defense
during the preconception period. We hypothesize that fathers in this category may have less
occupational chemical exposure than other jobs or led healthier lifestyles due to higher
socioeconomic status (68). In Denmark, persons employed as managers or professionals
self-reported higher levels of general health than those working in blue collar or
manufacturing occupations (69). A healthy diet consisting of fruit and vitamin intake has
been inversely associated with retinoblastoma (61, 70-72). It also is possible that fathers
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employed in jobs other than public administration included jobs with greater potential for
exposure to toxic agents, resulting in the odds ratio below null.

A strength of our study is the exploration of parental occupation on retinoblastoma in
offspring using two clinically relevant periods (preconception, pregnancy). We evaluated risk
of retinoblastoma by laterality, an important indicator for which parent and period of
exposure is most relevant for disease onset. A limitation of our study is missing values for
several potential confounders, including parental smoking status and socioeconomic status.
When we restricted to individuals with complete covariate data (e.g. smoking,
socioeconomic status) the results were similar. Importantly, our study included pediatric
cases of retinoblastoma that spanned nearly 4 decades (earliest diagnosis: 1975, latest
diagnosis: 2014). Parental exposures within a single industry can change drastically within
this time frame, particularly with the advancement of personal protective equipment, efforts
to improve ventilation, and increased knowledge regarding potential chemical hazards.
Given the rarity of disease, and thus the limited number of retinoblastoma cases in our
dataset, we were required to utilize the entire timeframe in order to ensure sufficient
statistical power. As a result, our study may overestimate the risk of retinoblastoma in
certain industries that have made efforts to limit or eliminate their exposure to hazardous
agents. Our small sample of cases prevented us from performing additional sensitivity
analyses that restricted to older maternal and paternal age (i.e., only 2 cases had either a
mother or father over age 40 at child’s birth). There is a need for larger, registry-based,
studies, that aim to examine the association between parental occupation and childhood
retinoblastoma among parents age 40 and older.

Only a handful of studies have investigated parental occupation and risk of retinoblastoma,
often with sample sizes too small to draw conclusions for rarer exposures. Further, published
studies have typically not reported dose-response effects or exposures held in the year or 10
years before pregnancy, or occupations held at birth. We found that jobs are relatively stable
across the preconception and pregnancy windows and our focus on a short window of
disease susceptibility diminishes the concern of competing exposures. However, as a result,
we were unable to explore differences in disease susceptibility related to varying exposure
periods (one year preconception to conception vs. 90 days preconception to conception).
Other strengths of this study included the objectively recorded and exact employment
history, a nationwide population-based study design and the ability to examine risk of
retinoblastoma across two unique periods (preconception to conception, conception to birth).

If mothers in our study started their maternity leave before the birth of their child, they may
not have been exposed during the entirety of their pregnancy. Currently, women in Denmark
are entitled to take four weeks off before the child is born (73). Physically demanding
working conditions in Denmark, and particularly those that involve long hours or shift work,
have been positively associated with increased sick leave during pregnancy (74), possibly
indicating that the highest risk women are going on maternity leave earlier and subsequently
experience lower levels of exposure. If this is true, then our point estimates for
retinoblastoma associated with maternal occupational exposures may underestimate true
effects.
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Using detailed historical employment records in a population-based design, we found an
increased risk of retinoblastoma (all cases) among children whose fathers had a history of
employment in the livestock or meat processing industry during the preconception window.
When we evaluated bilateral retinoblastoma, we found elevated risk among fathers who
worked in transportation, iron and metal, and retail industries. We did not have information
on the specific agents that may explain these associations. Additional research is needed to
explore the reasons for these potential associations of retinoblastoma with parental
occupational exposures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements:

We would like to thank Dr. Clint Hall, Dr. Zuelma Contreras and Ms. Di He for their initial coding and cleaning of
the Danish Registry databases.

Funding Sources: This work was supported by the Occupational Epidemiology Research Training Program of the
Southern California NIOSH Education and Research Center, Grant Agreement Number T420H008412 from the
Centers for Disease Control and Prevention (CDC). Its contents are solely the responsibility of the authors and do
not necessarily represent the official view of the CDC. This work was also partially supported by the NIH/NIEHS
(RO3ES021643, R21ES019986). Dr. Heck was supported by a grant from Alex’s Lemonade Stand Foundation
(grant #17-01882).

References

1. Kivela T. The epidemiological challenge of the most frequent eye cancer: retinoblastoma, an issue of
birth and death. Br J Ophthalmol. 2009;93:1129-1131. [PubMed: 19704035]

2. Wong JR, Tucker MA, Kleinerman RA, Devesa SS. Retinoblastoma incidence patterns in the US
Surveillance, Epidemiology, and End Results program. JAMA ophthalmology. 2014;132:478-483.
[PubMed: 24577366]

3. Friend SH, Bernards R, Rogelj S, et al. A human DNA segment with properties of the gene that
predisposes to retinoblastoma and osteosarcoma. Nature. 1986;323:643-646. [PubMed: 2877398]

4. Knudson AG Jr. Mutation and cancer: statistical study of retinoblastoma. Proc Natl Acad Sci U S A.
1971;68:820-823. [PubMed: 5279523]

5. Leiderman Y1, Kiss S, Mukai S. Molecular genetics of RB1--the retinoblastoma gene. Semin
Ophthalmol. 2007;22:247-254. [PubMed: 18097988]

6. Zhu XP, Dunn JM, Phillips RA, et al. Preferential germline mutation of the paternal allele in
retinoblastoma. Nature. 1989;340:312-313. [PubMed: 2568588]

7. Dryja TP, Morrow JF, Rapaport JM. Quantification of the paternal allele bias for new germline
mutations in the retinoblastoma gene. Hum Genet. 1997;100:446-449. [PubMed: 9272170]

8. Steliarova-Foucher E, Colombet M, Ries LAG, et al. International incidence of childhood cancer,
2001-10: a population-based registry study. Lancet Oncol. 2017.

9. Parkin D, Kramarova E, Draper G, et al. International incidence of childhood cancer(Volume I1).
IARC scientific publications. 1998.

10. Abdolahi A, van Wijngaarden E, McClean MD, et al. A case-control study of paternal occupational
exposures and the risk of childhood sporadic bilateral retinoblastoma. Occup Environ Med.
2013;70:372-379. [PubMed: 23503471]

11. Bunin GR, Petrakova A, Meadows AT, et al. Occupations of parents of children with
retinoblastoma: a report from the Children’s Cancer Study Group. Cancer Res. 1990;50:7129—
7133. [PubMed: 2224847]

J Occup Environ Med. Author manuscript; available in PMC 2021 July 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Omidakhsh et al.

Page 9

12. MacCarthy A, Bunch KJ, Fear NT, King JC, Vincent TJ, Murphy MF. Paternal occupation and
retinoblastoma: a case-control study based on data for Great Britain 1962—-1999. Occup Environ
Med. 2009;66:644-649. [PubMed: 19770353]

13. Kristensen P, Andersen A, Irgens LM, Bye AS, Sundheim L. Cancer in offspring of parents
engaged in agricultural activities in Norway. International Journal of Cancer. 1996;65:39-50.
[PubMed: 8543394]

14. Flower KB, Hoppin JA, Lynch CF, et al. Cancer risk and parental pesticide application in children
of Agricultural Health Study participants. Environ Health Perspect. 2004;112:631-635. [PubMed:
15064173]

15. Rodvall Y, Dich J, Wiklund K. Cancer risk in offspring of male pesticide applicators in agriculture
in Sweden. Occup Environ Med. 2003;60:798-801. [PubMed: 14504372]

16. Fear NT, Roman E, Reeves G, Pannett B. Childhood cancer and paternal employment in
agriculture. British Journal of Cancer. 1998;77:825-829. [PubMed: 9514065]

17. Pearce MS, Hammal DM, Dorak MT, McNally RJ, Parker L. Paternal occupational exposure to
pesticides or herbicides as risk factors for cancer in children and young adults: a case-control study
from the North of England. Archives of environmental & occupational health. 2006;61:138-144.
[PubMed: 17672356]

18. Yang YQ, Li J, Yuan HF. Epidemiology and risk factors of retinoblastoma in Chongqing area. IntJ
Ophthalmol. 2016;9:984-988. [PubMed: 27500105]

19. Omidakhsh N, Ganguly A, Bunin GR, von Ehrenstein OS, Ritz B, Heck JE. Residential pesticide
exposures in pregnancy and the risk of sporadic retinoblastoma: a report from the Children’s
Oncology Group. Am J Ophthalmol. 2017.

20. Bunin GR, Meadows AT, Emanuel BS, Buckley JD, Woods WG, Hammond GD. Pre- and
postconception factors associated with sporadic heritable and nonheritable retinoblastoma. Cancer
Res. 1989;49:5730-5735. [PubMed: 2790788]

21. Mutanen P, Hemminki K. Childhood cancer and parental occupation in the Swedish Family-Cancer
Database. Journal of occupational and environmental medicine / American College of
Occupational and Environmental Medicine. 2001;43:952-958.

22. Omidakhsh N, Bunin GR, Ganguly A, et al. Parental occupational exposures and the risk of
childhood sporadic retinoblastoma: a report from the Children’s Oncology Group. Occup Environ
Med. 2018;75:205-211. [PubMed: 29074554]

23. Hicks N, Zack M, Caldwell GG, Fernbach DJ, Falletta JM. Childhood cancer and occupational
radiation exposure in parents. Cancer. 1984,53:1637-1643. [PubMed: 6321012]

24. Pedersen CB. The Danish Civil Registration System. Scand J Public Health. 2011;39:22-25.
[PubMed: 21775345]

25. Gjerstorff ML. The Danish Cancer Registry. Scand J Public Health. 2011;39:42-45. [PubMed:
21775350]

26. Hansen J, Lassen CF. The Supplementary Pension Fund Register. Scand J Public Health.
2011;39:99-102. [PubMed: 21775364]

27. Knudsen LB, Olsen J. The Danish Medical Birth Registry. Dan Med Bull. 1998;45:320-323.
[PubMed: 9675544]

28. Omidakhsh N, Hansen J, Ritz B, Olsen J, Heck JE. High parental occupational social contact and
risk of childhood hematopoietic, brain and bone cancers. Cancer epidemiology. 2019;62:101575.

29. Contreras ZA, Hansen J, Ritz B, Olsen J, Yu F, Heck JE. Parental age and childhood cancer risk: A
Danish population-based registry study. Cancer epidemiology. 2017;49:202-215. [PubMed:
28715709]

30. Petersen L, Sorensen TI. The Danish Adoption Register. Scand J Public Health. 2011;39:83-86.
[PubMed: 21775360]

31. Clermont Y. Kinetics of spermatogenesis in mammals: seminiferous epithelium cycle and
spermatogonial renewal. Physiol Rev. 1972;52:198-236. [PubMed: 4621362]

32. Omidakhsh N, Bunin GR, Ganguly A, et al. Parental occupational exposures and the risk of
childhood sporadic retinoblastoma: a report from the Children’s Oncology Group. Occupational
and Environmental Medicine. 2017;Manuscript Submitted.

J Occup Environ Med. Author manuscript; available in PMC 2021 July 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Omidakhsh et al.

Page 10

33. Dockerty JD, Draper G, Vincent T, Rowan SD, Bunch KJ. Case-control study of parental age,
parity and socioeconomic level in relation to childhood cancers. Int J Epidemiol. 2001;30:1428-
1437. [PubMed: 11821358]

34. Heck JE, Omidakhsh N, Azary S, et al. A case-control study of sporadic retinoblastoma in relation
to maternal health conditions and reproductive factors: a report from the Children’s Oncology
group. BMC Cancer. 2015;15:735. [PubMed: 26481585]

35. Moll AC, Imhof SM, Kuik DJ, et al. High parental age is associated with sporadic hereditary
retinoblastoma: the Dutch retinoblastoma register 1862-1994. Hum Genet. 1996;98:109-112.
[PubMed: 8682494]

36. Knishkowy B, Baker EL. Transmission of occupational disease to family contacts. American
journal of industrial medicine. 1986;9:543-550. [PubMed: 2426943]

37. DerKinderen DJ, Koten JW, Tan KE, Beemer FA, Van Romunde LK, Den Otter W. Parental age in
sporadic hereditary retinoblastoma. Am J Ophthalmol. 1990;110:605-609. [PubMed: 2248323]

38. Matsunaga E, Minoda K, Sasaki MS. Parental age and seasonal variation in the births of children
with sporadic retinoblastoma: a mutation-epidemiologic study. Hum Genet. 1990;84:155-158.
[PubMed: 2298450]

39. Sivakumaran TA, Ghose S, Kumar H, A S, Kucheria K. Parental age in Indian patients with
sporadic hereditary retinoblastoma. Ophthalmic Epidemiol. 2000;7:285-291. [PubMed: 11262675]

40. Heck JE, Lombardi CA, Meyers TJ, Cockburn M, Wilhelm M, Ritz B. Perinatal characteristics and
retinoblastoma. Cancer Causes Control. 2012;23:1567-1575. [PubMed: 22843021]

41. Mills MB, Hudgins L, Balise RR, Abramson DH, Kleinerman RA. Mutation risk associated with
paternal and maternal age in a cohort of retinoblastoma survivors. Hum Genet. 2012;131:1115-
1122. [PubMed: 22203219]

42. Saremi L, Imani S, Rostaminia M, Nadeali Z. Parental age-related risk of retinoblastoma in Iranian
children. Asian Pac J Cancer Prev. 2014;15:2847-2850. [PubMed: 24761912]

43. Chia SE, Ong CN, Lee ST, Tsakok FH. Study of the effects of occupation and industry on sperm
quality. Annals of the Academy of Medicine, Singapore. 1994;23:645-649.

44. Vaziri MH, Sadighi Gilani MA, Kavousi A, et al. The Relationship between Occupation and
Semen Quality. International journal of fertility & sterility. 2011;5:66—71. [PubMed: 24963361]

45. Cherry N, Povey AC, McNamee R, et al. Occupation exposures and sperm morphology: a case-
referent analysis of a multi-centre study. Occup Environ Med. 2014;71:598-604. [PubMed:
24847137]

46. Kelley JS, Sophocleus GJ. Retinal hemorrhages in subacute carbon monoxide poisoning.
Exposures in homes with blocked furnace flues. JAMA. 1978;239:1515-1517. [PubMed: 633561]

47. Heck JE, Wu J, Lombardi C, et al. Childhood cancer and traffic-related air pollution exposure in
pregnancy and early life. Environmental Health Perspectives. 2013;121:1385-1391. [PubMed:
24021746]

48. Ghosh JK, Heck JE, Cockburn M, Su J, Jerrett M, Ritz B. Prenatal exposure to traffic-related air
pollution and risk of early childhood cancers. American journal of epidemiology. 2013;178:1233—
1239. [PubMed: 23989198]

49. Heck JE, Park AS, Qiu J, Cockburn M, Ritz B. Retinoblastoma and ambient exposure to air toxics
in the perinatal period. J Expo Sci Environ Epidemiol. 2015;25:182-186. [PubMed: 24280682]

50. Hall C, Hansen J, von Ehrenstein OS, et al. Occupational livestock or animal dust exposure and
offspring cancer risk in Denmark, 1968-2016. International Archives of Occupational and
Environmental Health. 2020;Accepted for publication.

51. Keegan TJ, Bunch KJ, Vincent TJ, et al. Case-control study of paternal occupation and social class
with risk of childhood central nervous system tumours in Great Britain, 1962—2006. Br J Cancer.
2013;108:1907-1914. [PubMed: 23612452]

52. Hum L, Kreiger N, Finkelstein MM. The relationship between parental occupation and bone cancer
risk in offspring. Int J Epidemiol. 1998;27:766-771. [PubMed: 9839731]

53. Frie MC, Coussens PM. Bovine leukemia virus: a major silent threat to proper immune responses
in cattle. Vet Immunol Immunopathol. 2015;163:103-114. [PubMed: 25554478]

54. Campo MS. Papillomas and cancer in cattle. Cancer Surv. 1987;6:39-54. [PubMed: 2825987]

J Occup Environ Med. Author manuscript; available in PMC 2021 July 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Omidakhsh et al.

Page 11

55. Lancaster WD, Olson C. Animal papillomaviruses. Microbiol Rev. 1982;46:191-207. [PubMed:
6289064]

56. Buehring GC, Shen HM, Jensen HM, Choi KY, Sun D, Nuovo G. Bovine leukemia virus DNA in
human breast tissue. Emerg Infect Dis. 2014;20:772-782. [PubMed: 24750974]

57. Aida Y, Murakami H, Takahashi M, Takeshima SN. Mechanisms of pathogenesis induced by
bovine leukemia virus as a model for human T-cell leukemia virus. Front Microbiol. 2013;4:328.
[PubMed: 24265629]

58. Codrin R, Dumbrava Dan P, Carmen R. EXPOSURE TO NITRATES - PROFESSIONAL
HAZARD OR WORK ACCIDENT IN FOOD INDUSTRY WORKERS. CASE REPORT OF A
COLLECTIVE INTOXICATION Analele Universitdtii din Oradea, Fascicula Protectia Mediului
2016;27.

59. Tarkin JM, Kaski JC. Vasodilator Therapy: Nitrates and Nicorandil. Cardiovascular drugs and
therapy. 2016;30:367-378. [PubMed: 27311574]

60. Hagmar L, Schiitz A, Hallberg T, Sjoholm A. Health effects of exposure to endotoxins and organic
dust in poultry slaughter-house workers. International Archives of Occupational and
Environmental Health. 1990;62:159-164. [PubMed: 2323833]

61. Bunin GR, Tseng M, Li Y, Meadows AT, Ganguly A. Parental diet and risk of retinoblastoma
resulting from new germline RB1 mutation. Environ Mol Mutagen. 2012;53:451-461. [PubMed:
22730229]

62. Statistics BoL. Employment and wages for the highest and lowest paying occupations, May 2012.
Available at: https://www.bls.gov/oes/2012/may/high_low_paying.htm. Published 2013. Accessed
April 26, 2014. 2013.

63. de Camargo B, de Oliveira Ferreira JM, de Souza Reis R, Ferman S, de Oliveira Santos M, Pombo-
de-Oliveira MS. Socioeconomic status and the incidence of non-central nervous system childhood
embryonic tumours in Brazil. BMC Cancer. 2011;11:160. [PubMed: 21545722]

64. Proctor DM, Suh M, Campleman SL, Thompson CM. Assessment of the mode of action for
hexavalent chromium-induced lung cancer following inhalation exposures. Toxicology.
2014;325:160-179. [PubMed: 25174529]

65. Zambelli B, Ciurli S. Nickel and human health. Met lons Life Sci. 2013;13:321-357. [PubMed:
24470096]

66. Apostoli P, Catalani S. Metal ions affecting reproduction and development. Met lons Life Sci.
2011;8:263-303. [PubMed: 21473384]

67. Albert DM, Gonder JR, Papale J, et al. Induction of ocular neoplasms in Fischer rats by intraocular
injection of nickel subsulfide. Invest Ophthalmol Vis Sci. 1982;22:768-782. [PubMed: 7076422]

68. Johnson S, Cooper C, Cartwright S, Donald I, Taylor P, Millet C. The experience of work-related
stress across occupations. Journal of managerial psychology. 2005;20:178-187.

69. Datta Gupta N, Kristensen N. Work environment satisfaction and employee health: panel evidence
from Denmark, France and Spain, 1994-2001. Eur J Health Econ. 2008;9:51-61. [PubMed:
17297640]

70. Lombardi C, Ganguly A, Bunin GR, et al. Maternal diet during pregnancy and unilateral
retinoblastoma. Cancer Causes Control. 2015;26:387-397. [PubMed: 25542139]

71. Bunin GR, Li Y, Ganguly A, Meadows AT, Tseng M. Parental nutrient intake and risk of
retinoblastoma resulting from new germline RB1 mutation. Cancer Causes Control. 2013;24:343—
355. [PubMed: 23224327]

72. Orjuela MA, Titievsky L, Liu X, et al. Fruit and vegetable intake during pregnancy and risk for
development of sporadic retinoblastoma. Cancer Epidemiol Biomarkers Prev. 2005;14:1433-1440.
[PubMed: 15941952]

73. Rostgaard T, Christoffersen MN, Weise H. Parental leave in Denmark: na; 1999.

74. Hansen ML, Thulstrup AM, Juhl M, Kristensen JK, Ramlau-Hansen CH. Occupational exposures
and sick leave during pregnancy: results from a Danish cohort study. Scand J Work Environ
Health. 2015;41:397-406. [PubMed: 26047490]

J Occup Environ Med. Author manuscript; available in PMC 2021 July 06.


https://www.bls.gov/oes/2012/may/high_low_paying.htm

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Omidakhsh et al.

Table 1.

Page 12

Demographic characteristics among retinoblastoma cases and corresponding controls who had at least one

parent with valid occupational data

All Cases N= 144 (%)

Unilateral Cases N=94 (%)

Bilateral Cases N=45 (%)

All controls N=3600 (%)

Sex of child
Male
Female

Missing

Maternal age
<=25

26-30

31-35

36+

Missing

Paternal age
<=25

26-30
31-35

36+

Missing

Family SES
High
Medium-high
Medium
Medium-low
Low

Missing

Residence type
Urban
Rural

Missing

83 (57.6)
61 (42.4)
0

52 (36.1)

50 (34.7)

30 (20.8)

12 (8.3)
0

22 (15.3)

52 (36.1)

43 (29.9)

27 (18.8)
0

11 (7.6)
24 (16.7)
14(9.7)
40 (27.8)
20 (13.9)
35 (24.3)

45 (31.3)
99 (68.8)
0

52 (55.3)
42 (44.7)
0

33(35.1)
34(36.2)
19 (20.2)
8 (8.5)
0

14 (14.9)

34 (36.2)

29 (30.9)

17 (18.1)
0

9 (9.6)
17 (18.1)
9(9.6)
27 (28.7)
11 (11.7)
21(22.3)

32 (34.0)
62 (66.0)
0

28 (62.2)
17 (37.8)
0

15 (33.3)
16 (35.6)
10 (22.2)
4(8.9)
0

5(11.1)

18 (40.0)

13 (28.9)

9(20.0)
0

122)
6(13.3)
3(6.7)
13 (28.9)
8(17.8)
14 (31.1)

11 (24.4)
34 (75.6)
0

2075 (57.6)
1525 (42.4)
0

1108 (30.7)
1342 (37.3)
860 (23.9)
290 (8.1)
0

576 (16.0)
1224 (34.0)
1044 (29.0)
741 (20.6)
15 (0.4)

353 (9.8)
406 (11.3)
510 (14.2)
790 (21.9)
516 (14.3)
1025 (28.5)

1195 (33.2)
2405 (66.8)
0
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